Chroni c neck pain is one of the most frequent musculoskeletal complaints, and it is estimated that approximately two-thirds of the population will experience neck pain at some time in their lives. 1 Patients with chronic neck pain present with a number of physical and psychologic constraints including weakness and fatigue of the neck muscles 2, 3 ; reduced cervical range of movement (ROM) 4 ; altered proprioception 5 ; forward head posture (FHP) 6 ; and psychologic states such as anxiety, depression, catastrophizing, and kinesiophobia. 7Y9 All of these manifestations may constitute factors that influence respiration by biochemical and biomechanical mechanisms, resulting in changes in blood chemistry.
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Blood gases are important indicators of respiratory function, and changes in blood chemistry are associated with disturbed acid/base balance and respiratory disorders. 11 There is evidence that changes in blood gases can be observed not only in cardiorespiratory diseases but also in pain conditions. Nishino et al. 12 found that experimental pain induced by tourniquet inflation increases ventilation and decreases end-tidal carbon dioxide tension. Similar changes were observed by Borgbjerg et al. 13 using the same pain stimulus technique. A placebo study that used pain stimulus infusions of hypertonic saline into the masseter muscles also reveals a pain-specific stimulation of respiration.
14 Musculoskeletal pain conditions have also been found to be associated with changes in blood gases. Patients with low back pain 15 have been found to have reduced PaCO 2 . In agreement with these findings, McLaughlin et al. 16 used capnography and found existence of hypocapnia in a mixed sample of patients with spinal pain. In patients with chronic neck pain, little is known about blood gases. Furthermore, the associations of these changes in blood chemistry with the physical and psychologic outcomes of neck pain are completely unexplored. Understanding the changes in blood chemistry of patients with chronic neck pain could lead to a deeper insight into the changes occurring as a result of neck pain. Current practices regarding the usual assessment, treatment, and drug prescription of patients with neck pain could be also improved. Therefore, the primary aim of this study was to examine whether patients with chronic neck pain have changes in their transcutaneous partial pressure of arterial carbon dioxide (P tc CO 2 ). This study additionally aimed to examine which neck pain symptoms and psychologic states are associated with these changes.
METHODS Subjects
Forty-five patients with chronic idiopathic neck pain (men/women, 13/32; age, 35.9 T 14.5 yrs) and 45 healthy sex-, age-, height-, and weight-matched controls (men/women, 13/32; age, 35.4 T 14 yrs) were conveniently recruited from every available area in Central Greece. Sample size calculation revealed that, for the main hypothesis (differences in P tc CO 2 between the groups), 26 subjects per group were needed (two-tailed hypothesis, > = 0.05, A = 0.8, d = 0.8). However, 45 subjects per group were recruited to increase statistical power and to take into account the potential for missing data.
A health questionnaire was used to screen for eligibility criteria. Details of inclusion and exclusion for both the patients and the healthy subjects have been described in a previous publication.
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This study was approved by the ethics committee of the Department of Physiotherapy, School of Health and Caring Professions, Technological Educational Institute of Lamia, Greece, and the University of Manchester ethics committee, Manchester, United Kingdom.
Questionnaires
The pain intensity of the patients with chronic neck pain was assessed using visual analog scales.
18
The visual analog scale was presented graphically as a 10-cm line, and the participants were requested to mark the point that better described their pain intensity. One visual analog scale was used for describing their usual pain intensity; and one, for describing their pain intensity at the start of the measurements. The start of each of these scales represented the Bno pain[ condition, whereas their end represented the Bworst imaginable pain[ condition. The psychometric properties of the visual analog scale have been widely studied, and it is the most usual assessment tool for assessing pain intensity.
18Y20 Pain-induced disability was assessed using the Neck Disability Index (NDI). 21 This questionnaire includes ten items. The total NDI score may range from 0 (no disability) to 50 (complete disability). The NDI has been found to have good reliability and validity. 22, 23 The Baecke Questionnaire of Habitual Physical Activity is an instrument with satisfactory psychometric properties 24 and was used for assessing physical activity level. The Baecke Questionnaire of Habitual Physical Activity score may range from 3 (no physical activity) to 15 (high physical activity).
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Psychologic states were assessed using the cross-cultural validated Hospital Anxiety and Depression Scale, 25 the Tampa Scale for Kinesiophobia,   26   and the Pain Catastrophizing Scale  27 in a randomized order. The Hospital Anxiety and Depression Scale includes two 7-item subscales. The first subscale assesses anxiety, and the second subscale assesses depression. Each subscale score may range from 0 (not anxious or depressed) to 21 (highly anxious or depressed). The Tampa Scale for Kinesiophobia is a 17-item questionnaire, and its score may range from 17 (not kinesiophobic) to 68 (highly kinesiophobic). The Pain Catastrophizing Scale includes 13 items. Its score may range from 0 (no catastrophizing) to 52 (high catastrophizing). The Tampa Scale for Kinesiophobia, the Pain Catastrophizing Scale, and the Hospital Anxiety and Depression Scale have established psychometric properties in patients with musculoskeletal disorders.
28Y30

Blood Gases Recording
Blood gases were recorded using transcutaneous blood gas monitoring (TCM40; Radiometer, Copenhagen, Analis, Belgium). The TCM40 was firstly calibrated, according to the manual instructions, through a removable calibration gas cylinder for approximately 5 mins for each participant separately. Then, the placement area was shaved and cleaned with alcohol, 31 and a fixation ring was applied 5 cm below the middle of the left clavicle. 31,32 The P tc CO 2 electrode was then attached to the fixation ring using a special electrolyte solution for better conductivity. The electrode was set at 43-C to simultaneously increase skin blood flow and avoid any thermal injury. 33, 34 During the recording, the participants were asked to breathe normally from a comfortable sitting position without speaking. The values of P tc CO 2 were recorded after a 20-min stabilization period because P tc CO 2 initially presents high values because of an initial CO 
Neck Function Assessment
The neck function assessment included assessment of the FHP, cervical ROM, strength of the neck muscles, and endurance of the deep neck flexors. The FHP was assessed by calculating the craniovertebral angle through lateral photographs (digital color camera, HDR-SR11E; Sony, Belgium). 45 The Zebris ultrasound-based motion analysis system (Zebris Meditchnic GmbH, Isny, Germany) was used for assessing cervical ROM from a standing position in all neck movements. 46 A custom-made isometric neck dynamometer was used for assessing strength of the neck flexors and extensors from a standing position. 47 Endurance of the deep neck flexors was examined using the craniocervical flexion test. 48 Details about the assessment procedures and their corresponding reliability values are provided in the previous publication.
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Data Analysis
Differences between the groups were examined using paired t tests. Correlations between the variables were examined using Pearson correlation coefficients. Finally, a backward stepwise multiple regression method (removal, 0.1) was selected for constructing a prediction model for P tc CO 2 in the patients with chronic neck pain. The predictors of the model were selected to be musculoskeletal and psychologic parameters that are theoretically supported to influence respiratory function. 10 Their selection was independent of their significance during univariate analysis. These predictors were the strength of the neck extensors, endurance of the deep neck flexors, sagittal ROM, craniovertebral angle, usual pain intensity, anxiety, depression, kinesiophobia, and catastrophizing. Patients with missing data were excluded from each analysis (with their matched controls) concerned with the variable from which these data were missing. The data lost were completely at random, and these were missing for left rotation and left lateral flexion ROM (one patient, software problems), endurance of the deep neck flexors (one patient, no glasses), FHP (one control, hair clip broken), P tc CO 2 (two controls, TCM problems).
The significance level for all statistical tests was defined as equal to 0.05. The analysis was performed using the Statistical Package for the Social Sciences (version 17).
RESULTS
The two groups were found to have similar anthropometric characteristics (P 9 0.05; Table 1 ). The patients with chronic neck pain were also found to have reduced strength of the neck extensors, reduced ROM in all movement planes, and reduced endurance of the deep neck flexors (P G 0.05).
Strength of the neck flexors presented a trend to be reduced. Craniovertebral angle, anxiety, and depression were not significantly different between the groups 17 (P 9 0.05).
The difference in P tc CO 2 between the two groups is presented in Table 2 . The patients with chronic neck pain were found to have decreased P tc CO 2 (P G 0.01) in comparison with the healthy controls. Nineteen patients were found to have P tc CO 2 lower than 35 mm Hg. Table 3 shows that P tc CO 2 was significantly correlated with strength of the neck flexors (r = 0.34) and extensors (r = 0.35), endurance of the deep neck flexors (r = 0.31), usual pain intensity (r = 0.34), kinesiophobia (r = 0.35), and catastrophizing (r = 0.3; P G 0.05). All the other correlations were not significant (P 9 0.05).
After the common input of all the potential predictors into a model for the prediction of P tc CO 2 , sagittal ROM (B = 0.01; A = 0.01; part correlation, 0.01; P = 0.95), catastrophizing (B = 0.02; A = 0.07; part correlation, 0.05; P = 0.71), anxiety (B = 0.12; A = 0.19; part correlation, 0.15; P = 0.27), depression (B = 0.1; A = 0.14; part correlation, 0.11; P = 0.41), strength of the neck extensors (B = 0.06; A = 0.17; part correlation, 0.15; P = 0.28), and craniovertebral angle (B = 0.07; A = 0.13; part correlation, 0.13; P = 0.35) were successively removed from the model. Endurance of the deep neck flexors (part correlation, 0.28; P = 0.046), kinesiophobia (part correlation, 0.29; P = 0.039), and pain intensity (part correlation, 0.27; P = 0.049) remained as significant predictors into the model ( Table 4 ).
The constructed model was found to significantly fit the data overall (P G 0.01). The multiple correlation coefficient was found to be satisfactory (R = 0. 53 
DISCUSSION
The patients with chronic neck pain have demonstrated reduced strength of their respiratory muscles in comparison with the healthy controls. 17 The findings of the current study show that these patients also have reduced P tc CO 2 . Furthermore, their P tc CO 2 was found to be correlated with pain intensity, strength of the neck muscles, endurance of the deep neck flexors, kinesiophobia, and catastrophizing. However, the regression analysis showed that only pain intensity, endurance of the The factors found to be associated with and to predict P tc CO 2 fully comply with the mechanisms believed to lead to P tc CO 2 drop. Although correlations cannot provide evidence about causality and can support only bidirectional associations or associations related to a third variable, a significant correlation in parallel with knowledge of physiology and biomechanics can lead to sound beliefs about the causes of a change. 49 Usual pain intensity experienced by the patients with chronic neck pain was found to be associated with the reduction of P tc CO 2 . The biochemical influences of pain are believed to be one key factor for this reduction. Pain results in the release of pain neurotransmitters, such as substance P, which have stimulatory effects on respiratory function leading to hyperventilation and PaCO 2 reduction. 50 Another explanation about the connection of pain and P tc CO 2 reduction might be the self-induced hyperventilation. Considering that hyperventilation has analgesic effects, 51 this might be a chronic adaptation of patients with chronic neck pain to decrease their pain intensity. However, although this mechanism can help those with neck pain to self-regulate their pain intensity, this mechanism leads them to a hypocapnic state. This adaptation may finally become a permanent condition because of a reprogramming of the respiratory centers.
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P tc CO 2 reduction was also found to be associated with psychologic manifestations of neck pain. Kinesiophobia and catastrophizing seem to be the two psychologic states that are related to the presence of P tc CO 2 abnormalities. However, although both kinesiophobia and catastrophizing are significantly correlated with P tc CO 2 , catastrophizing was not included in the prediction model of P tc CO 2 . The exclusion of catastrophizing may be attributed to its low unique contribution to the model because catastrophizing has a similar theoretical concept with kinesiophobia and causes increased pain anticipation. 52 Thus, psychologic compromise and especially kinesiophobia seem to be the second main reason for P tc CO 2 reduction in patients with chronic neck pain because its existence can exert stimulatory effects on respiration and increase inventilation mainly because of adrenaline release. 53, 54 Anxiety is a psychologic state that is closely related to ventilation and seems to play an important role for the development of disorders such as hyperventilation syndrome. 53, 55, 56 Anxiety can affect the autonomous nervous system and directly influence respiratory function because of the release of adrenaline, causing hyperventilation, and, consequentially, a decrease 53, 57, 58 in PaCO 2 . Thus, although this study did not reveal any significant correlation between anxiety and P tc CO 2 , its role in the development of hypocapnia cannot be ignored. The association of P tc CO 2 with cervical muscle function is observed by its significant correlation with strength of the neck muscles and endurance of the deep neck flexors. The removal of neck muscle strength from the model can be potentially explained by its common contribution with the endurance of the deep neck flexors to the prediction of P tc CO 2 . In the current study, the function of the cervical muscles of the patients with chronic neck pain was affected because there are weakness of their neck muscles and fatigue of their deep neck flexors. 17 Weakness of the neck muscles may directly influence respiratory function because the sternocleidomastoid, the trapezius, and the scaleni participate in both neck movement and inspiration. 59 In addition, the weakness of the neck muscles is believed to lead to changes in force-length curves and muscle imbalances, 60 causing uncontrolled movement 61 with a consequential change of rib cage mechanics. 10 Furthermore, it is suggested that the dysfunction of deep neck musculature leads to segmental instability, affecting the kinetic control not only of the neck area but also of neighboring articulations such as the thoracic spine, which, in turn, might lead to changes in rib cage mechanics. 10,61,62 These changes in rib cage mechanics might alter the force-length curves of the related respiratory muscles such as the diaphragm, the abdominals, and the intercostals, leading them to adapted contraction patterns.
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These biomechanical changes are believed to be the main reasons for the respiratory weakness observed in patients with chronic neck pain. 17, 63 According to Pass and Bolton, 64 respiratory muscle weakness might lead to reduction of lung volumes because the muscles do not have the appropriate strength to fully expand the lungs. This may lead to a ventilation/perfusion mismatching because the changes in ventilation are not accompanied by similar changes in lung perfusion. The blood shunt deriving from this ventilation/perfusion mismatching may result in hypoxia. This hypoxia can stimulate respiratory function and may explain the increased respiratory rate in patients with chronic neck pain, 65 resulting in reduction 64 of PaCO 2 .
Although this mechanism seems to be a reasonable mechanism for the development of hypocapnia, the existence of hypoxia in patients with chronic neck pain is supported neither from the findings of the current study nor from the findings of any other known research. However, this association could be alternatively explained by viewing muscle dysfunction as a result of hypocapnia. 66, 67 More specifically, hypocapnia may lead to increased excitability of the nerves, the muscles, and the neuromuscular junctions. This increased excitability may be attributed to the reduction of the free calcium ion concentration in the plasma as a result of the respiratory alkalosis accompanying hypocapnia. These neurophysiologic events may finally lead to an increase in reflex activities and muscle tone, predisposing to muscle fatigue. 66 However, it is apparent that in either case, the association of neck muscle dysfunction with hypocapnia requires further investigation. The patients with chronic neck pain were found to have their P tc CO 2 reduced, 2.4 mm Hg, in comparison with the healthy controls. This difference is higher than a difference of 2 mm Hg, which has been used for defining changes in PaCO 2 after interventions. 68 The small bias of transcutaneous assessment 31 of PaCO 2 suggests that the P tc CO 2 values measured in the sample of this study are quite similar to the values that would have been obtained using direct blood sampling. This study also shows that 42% of the patients had P tc CO 2 lower than 35 mm Hg, which is the defining value for the existence of hypocapnia. Hypocapnia is a quite serious condition that may affect a number of body systems including the musculoskeletal, cardiorespiratory, and gastrointestinal systems. 69, 70 Among the other symptoms, hypocapnia-based headaches are of special interest because this mechanism may be an alternative explanation of cervicogenic headache. Thus, cephalalgia observed in patients with chronic neck pain may be the result of cerebral vasoconstriction caused by hypocapnia-based alkalosis.
11,70
The results of this study can be applied to patients with mild neck pain and disability. Although it is believed that the results are also relative to patients of a more severe condition, these cannot be absolutely accepted. The reason is because patients of more severe pain and disability may consume drugs that affect the blood chemistry. 71 Furthermore, the findings of this study are concerned with a Greek population, and how well these can generalize to people of different nationalities is unknown. This is mainly because of the potentially different experience of pain from people of different cultures and socioeconomic status. However, the use of cross-cultural validated questionnaires is expected to have importantly reduced the threats to external validity. The changes in P tc CO 2 observed in the patients with chronic neck pain give rise to important clinical implications about assessment, treatment, and www.ajpmr.com drug prescription. The assessment of patients with chronic neck pain should not focus merely on their neuromusculoskeletal impairments, but it should additionally include assessment of their respiratory function. Similarly, therapists are advised to adopt a more global consideration of the human body during the development of their therapeutic protocols, including also techniques for the improvement of patients' respiratory function. Finally, considering the effects of drugs on respiration, 72 these are advised to be prescribed in a more attentive and controlled manner. One area of further study could be the examination of the role of proprioception in this respiratory dysfunction because it believed to be related to the dysfunction of the respiratory system. 10 However, before the examination of its role, reliable measurement protocols should be developed, the lack of which did not permit its assessment in the current study. Furthermore, randomized controlled trials are advised to be performed to understand whether the addition of respiratory physiotherapy, such as breathing reeducation exercises, into the usual treatment of patients with chronic neck pain can lead to a better therapeutic outcome. Future randomized controlled trials can also examine the effectiveness of management strategies for muscle function, pain, and kinesiophobia on respiratory function. Finally, new studies should be directed toward the development of classification systems for clearly understanding who exactly among patients with neck pain are more prone to develop hypocapnia. The answering of these questions by future researchers could help not only to enhance the scientific knowledge in this relatively unexplored area but also to promote optimal therapeutic protocols and to provide the foundations for a better clinical reasoning.
Despite the originality and the importance of these findings, there are some limitations that should be carefully considered. The potential for bias cannot be excluded because of the nonrandomized character of the sample recruitment method used and the lack of blinded assessors. Furthermore, although transcutaneous assessment of P tc CO 2 can provide valid and reliable measurements, the valid noninvasive assessment of transcutaneous partial pressure of arterial oxygen was not possible. The data obtained from this study do not show any change in transcutaneous partial pressure of arterial oxygen or oxygen saturation between the groups, but the validity of such findings is questionable and was not included in the study. Future studies should consider the use of direct blood sampling, which was not possible in this study because of practical and deontological issues.
CONCLUSIONS
It is time to reconsider whether chronic neck pain is a simple musculoskeletal dysfunction. The preliminary results show that these patients also present disturbances in their respiratory function, as depicted by the changes in blood chemistry. The main reasons that are associated with the development of hypocapnia in patients with chronic neck pain seem to be the dysfunction of their neck muscles, the biochemical influences of pain, and psychologic states such as kinesiophobia. Clinicians are strongly advised to consider this respiratory dysfunction during the management of patients with chronic neck pain and appropriately address their assessment and interventions. www.ajpmr.com
